The DeeMe experiment is planned to search for muon-to-electron conversion at J-PARC MLF. Our goal is to measure the process with a single event sensitivity of 1 × 10 −13 or 2 × 10 −14 for a graphite or silicon carbide target. That is one or two orders of magnitude better than the current upper limits, 7 × 10 −13 for a gold target by the SINDRUM-II experiment at PSI and 4.6 × 10 −12 for a titanium target by the experiment at TRIUMF. We are in the middle of preparation for the experiment. The construction of the secondary beamline, H Line, is now in progress. Four tracking detectors have been manufactured in 2017, and the optimization study of the filling gas is ongoing to improve the performance. After getting the better hit efficiency, we measured the momentum spectrum of electrons produced through muon-decay-in-orbit from a carbon target at J-PARC MLF
Introduction

Charged Lepton Flavor Violation and New Physics
In the Standard Model, charged lepton flavor violating processes are forbidden, and we have not yet observed those processes. If we take into account neutrino oscillations, the branching ratio for µ → eγ is suppressed below to 10 −54 . That is too low probability to observe it in the experiments. However, some theoretical models beyond the Standard Model predict observable branching ratios 10 −13 to 10 −17 . An observation of charged lepton flavor violating processes at large rate thus means the existence of new physics.
Photonic and Non-Photonic Processes
Possible processes for charged lepton flavor violation can be classified as photonic and non-photonic, and these can be expressed by an effective Lagrangian below [1] :
where κ is the relative strength of photonic and non-photonic processes, and Λ is the mass scale of new physics. For pure photonic processes, the branching ratio for µ-e conversion will be approximately one hundredth of that for µ → eγ. On the other hand, if the non-photonic contribution dominates, only µ-e conversion will occur. It is important to probe the charged lepton flavor violation with as many different approaches as possible.
DeeMe Experiment
Experimental Facility
The DeeMe Experiment is planned to search for µ-e conversion at J-PARC Material and Life Science Experimental Facility (MLF) in Tokai Village, Japan (Fig. 1 ), and we are preparing for the experiment. We will use high purity pulsed proton beam from 3 GeV rapid cycling synchrotron (RCS) with operating fast extraction. The design power of the RCS is 1 MW, and 500 kW operation has been achieved as of November, 2019. The pulsed proton beams have a 25 Hz double-pulsed structure.
Sensitivity Goal
The goal of our experiment is to achieve a single event sensitivity of 1 × 10 −13 for a graphite target or 2 × 10 −14 for a silicon carbide target for 1 year. The current limit for µ-e conversion is 4.6 × 10 −12 for a titanium target by the experiment at TRIUMF, and 4.3 × 10 −12 for a titanium target and 7×10 −13 for a gold target by the SINDRUM-II experiment. We therefore aim to improve the current limit by one or two orders or magnitude.
Experimental Concept
In the Standard Model, after a muon stopping in a nucleus to form a muonic atom, the muon can decay in orbit, or be captured by the nucleus. The probabilities at which these processes occur depend on the nuclear mass, for example, in a carbon muonic atom, 92% will be decay-in-orbit, and 8% caputured, while 33% decay-in-orbit and 67% captured in a silicon muonic atom. We will look for a signal of µ-e conversion µ − N→ e − N (N is a nucleus). The conversion electron is monoenergetic, with an energy equal to the muon mass minus the binding energy of the muon, and the nuclear recoil. For a light muonic atom such as carbon or silicon that will be used in the experiment, the experimental signature will be an electron with an energy of approximately 105 MeV. Figure 2 shows the experimental setup in G4beamline simulation. First, pulsed proton beams are injected into the target made of carbon to produce pions. The pions then decay-in-flight into muons, and the target atoms and muons form muonic atoms. In the experiment, we will use only one target for pion production, pion decay, and muon stopping.
After extracting the decaying particles through the secondary beamline, H Line, and removing the low-momentum backgrounds, we will search for the signal by using a magnetic spectrometer, which consists of a spectrometer electromagnet and four tracking detectors (Fig. 3 ). Figure 4 shows a photo of the MLF Experimental Hall No.1. The radiation shield was built in 2016, and the construction of the H Line is ongoing (Fig. 5 ). The magnetic spectrometer will be installed in the H1 Area.
Current Status
The Secondary Beamline and H1 Area
Spectrometer
The dipole magnet of the spectrometer, which used to belong to the PIENU experiment in TRIUMF until 2012, was shipped to J-PARC in 2014. We tested the operation up to 500 A, and measured the magnetic field. The magnetic field calculation using a simulator OPERA-3d agrees well with the measurement, and we will use the field map obtained from the calculation for tracking.
Four tracking detectors, multi-wire proportional chambers (MWPCs) have been manufactured in 2015-2017 [2] , and the optimization study of the filling gas is in progress [3] . The amplifiers for all channels have been mass-produced. The FADCs of real-time lossless compression of waveform were developed [4] . All the MWPCs and measuring equipment work well, and they are being used in the pre-experiment to measure the momentum of background described in the next section.
Background Measurement at D2 Area
We measured the momentum spectrum of electrons from muon decay in orbit µ − N→ e − ν µ ν e N (muon DIO) around 45 to 55 MeV/c at D2 Area, MLF in March, 2019 [5] . Pulsed muon beams hit a target made of carbon, and the momenta of decaying particles were measured by using a spectrometer, which consists of four MWPCs of final design and a magnet of KEK IMSS (Fig. 6) .
We have made the measurement three times in 2017 and 2019. Compared to the experiment in 2017, the tracking efficiency of the spectrometer improves by 1.6, and the time of data taking is extended. Table 1 gives the summary of tracking events taken in the two experiments. Detailed analysis is in progress. 
Conclusion
DeeMe is an experiment to search for µ-e conversion with a single event sensitivity of 10 −14 using the carbon (or a silicon carbide) target. The construction of the secondary beamline, H Line, is in progress at J-PARC MLF. The spectrometer is ready, and we are optimizing the filling gas of the MWPCs for better performance.
We measured the momentum of electrons from muon DIO using a carbon target around 45 to 55 MeV/c at MLF D2 Area in March, 2019. Detailed analysis is ongoing.
